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VACUUM ULTRAVIOLET  SPECTRA OF URANIUM HEXAFLUORIDE/ARGON MIXTURES 
N. L. Krascella 
United Technologies Research Center 
This study was i n i t i a t e d   t o   p r o v i d e   b a s i c   d a t a   w i t h   r e s p e c t   t o   t h e  
a t tenuat ion  of  vacuum u l t r a v i o l e t  (WV)  r a d i a t i o n  by helium a t  pressures  up t o  
20 atm over path lengths of about 61 cm and in the approximate wavelength 
range between 80 and 300 nm. These da t a  are r equ i r ed  to  a s ses s  the  poss ib l e  
u t i l i z a t i o n  of helium as a t ransparent  purge gas  in  the opt ical  path through 
the ref lector-moderator  of  an experimental ,  h igh pressure,  f iss ioning gaseous 
uranium hexafluoride (UF6) r eac to r  and a vacuum ul t rav io le t  spec t rometer .  
The s p e c t r a l  measurements in  the reactor  experiment  would  be undertaken t o  
determine the V W  emiss ion  charac te r i s t ics  of  f i ss ioning  LJF6 gas and uranium 
plasmas and t o  determine the extent  of nonequilibrium emission due t o  
deposit ion of fission fragment energy in the gaseous nuclear fuel.  
Similar ly ,  measurements were conducted t o  provide basic  V W  s p e c t r a l  d a t a  
( c u r r e n t l y  u n a v a i l a b l e  i n  t h e  l i t e r a t u r e )  w i t h  r e s p e c t  t o  UF6 and UF6/argon 
mixtures  in  the  wavelength  range  between 80 and 120 nm. These da t a  a re  
r equ i r ed  fo r  t heo re t i ca l  ana lys i s  of rad ia t icn  t ranspor t  in  the  buf fer  gas  
region of a plasma  core  reactor.  These r e su l t s  would also provide basel ine 
data for subsequent investigation of fission-fragment induced nonequilibrium 
r a d i a t i o n  e f f e c t s  i n  t h e  V W  spectral  region in  future  planned gaseous UF6 
cavi ty  reactor  experiments .  
Transmission measurements were made in  hel ium contained in  a 61-cm-long 
ce l l  in  the  wavelength  range  between 60 and 300 nm. Gas pressures  were varied 
from a f e w  t e n t h s  of an atmosphere t o  about 20 atm. Spec t r a l  da t a  were 
obtained for  s tandard tank gas  as received and over l imited spectral  regions 
for helium which was p a r t i a l l y   p u r i f i e d  by passing through a l iqu id- .n i t rogen  
coo led  zeo l i t e  t r ap .  The t r a p  s e r v e d  t o  remove t race  quant i t ies  of  impur i t ies  
normally found i n  helium. Similar measurements were made i n  argon .at a 
wavelength range between 80 and 120 nm t o  provide basel ine data  for subsequent 
measurements i n  UF6/argOn mixtures. The argon tests were conducted i n  a 
61 cm c e l l  a t  pressures  up t o  approximately 3 atm. N o  at tempts were made t o  
remove trace contaminants from the argon. 
Fina l ly ,  the  t ransmiss ion  proper t ies  of UF6 diluted with argon were mea- 
sured  in  a 1.91-cm-long c e l l  over a range of UF6/argon p a r t i a l  p r e s s u r e  r a t i o s  
from 7 x t o  5.5 x and in  the  wavelength  range  between 80 and 200 nm. 
Subsequent ly ,  the t ransmission resul ts  were used to  determine the spectral  
absorpt ion cross  sect ions of  UF6 over the wavelength range between 80 and 
120 nm. 
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SYMBOLS 
t r ansmi t t ed  in t ens i ty ,  a rb i t r a ry  un i t s  
inc ident  or source  in t ens i ty ,  a rb i t r a ry  units 
path length,  cm 
na tura l  logar i thm 
number dens i ty ,  cm-3 
pressure,  atm or mm Hg 
volumetric flow r a t e ,  l i t e r / m i n  a t  standard conditions 
temperature, deg K 
transmission (I/I~ x 100) or (I/I; x 100) 
wave length,  nm 
absorp t ion   c ross   sec t ion ,  cm 2 
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INTRODUCTION 
Extensive experimental and theoretical  research has been conducted with 
respect to various aspects of f issioning gaseous plasmas over the past  two 
decades. These s tud ie s  have  been generally directed toward high performance 
nuclear  space  propulsion  systems  (ref. 1). In  add i t ion  to  space  app l i ca t ions ,  
t h e  Plasma  Core Reactor (PCR) concept has been recognized as a possible  
candidate   energy  source  for   var ious  terrestr ia l   appl icat ions  ( ref .  2 ) .  The 
very high operating temperatures generated by fissioning plasmas tend t o  
enhance eff ic iencies  of  var ious thermodynamic cycles  compared t o  conventional 
power generating systems or nuclear reactors with solid f u e l  elements. 
Furthermore,  the high operating temperatures associated with gaseous fission- 
ing reactors  provide a source of very intense electromagnetic radiation with 
a number of possible applications involving direct  coupling of energy by 
rad ia t ive  processes .  
Although most of the applications of the FCR require extensive basic 
research and technological  development ,  the potent ia l  benefi ts  from the use 
of  these  devices  warrant  continued  investigation of the  concept.  Possible 
PCR space and/or t e r r e s t r i a l  a p p l i c a t i o n s  a r e :  
High-thrust, high-specific-impulse space propulsion systems. 
Advanced high-temperature ,  c losed-cycle  gas  turbine electr ical  
power generation. 
MHD conversion systems for e l e c t r i c a l  power generation. 
Photochemical and/or thermochemical processing. 
Direct pumping of l a s e r s  by deposit ion of fission fragment energy 
i n  UF6 or other lasing gas mixtures.  
Optical  pumping of l a s e r s  by thermal and/or nonequilibrium 
radia t ion  emi t ted  by a gaseous f iss ioning VF6 or uranium plasma. 
A t y p i c a l  unit c e l l  of a FCR device i s  i l l u s t r a t e d  i n  f i g u r e  1. I n  t h e  
FCR concept a high-temperature,  high-pressure  plasma i s  sustained v i a  t he  
f i s s ion  p rocess  in  a uranium gas injected as UF6 or other uranium compounds. 
Containment of t h e  plasma i s  accomplished fluid-mechanically be means of an 
argon-driven vortex which also serves to  the rma l ly  i so l a t e  t he  ho t  f i s s ion ing  
gases from the surrounding wall. 
For appl icat ions which employ thermal radiation emitted from the plasma, 
an  in te rna l ly-cooled  t ransparent  wall can be employed t o  i s o l a t e  t h e  n u c l e a r  
f u e l ,  f ission fragments,  and argon i n  a c losed -c i r cu i t  f l Q w  loop and permit 
t r a n s f e r  of the radiant  energy from the plasma to  an external  working f luid.  
For appl icat ions which employ fission fragment induced short  wavelength non- 
equi l ibr ium radiat ion emit ted from the plasma,  the working f luid such as 
las ing gases  can be e i t h e r  mixed wi th  f i ss ioning  gas  or i n j e c t e d  i n t o  t h e  
per iphera l  buf fer  gas  reg ion  such  tha t  there  i s  no blockage of  radiat ion due 
t o  t h e  i n t r i n s i c  a b s o r p t i o n  c h a r a c t e r i s t i c s  o f  t r a n s p a r e n t  materials a t  sho r t  
wavelengths. 
Three fundamental areas of research are required to  demonstrate  the 
f e a s i b i l i t y  o f  t h e  PCR concept: (1) nuc lea r  c r i t i ca l i t y ;  (2 )  f l u id  mechan ica l  
confinement;  and, (3)  t ransfer  of  energy by radiat ion processes .  Various 
aspec ts  of  these  areas of  technology are  current ly  being invest igated a t  
United  Technologies  Research  Center (UTRC) .  I n  a d d i t i o n ,  c a v i t y  r e a c t o r  
experiments which w i l l  employ gaseous LTF6 are currently being performed a t  
Los Alamos Sc ien t i f ic  Labora tory  (LASL) as par t  of  the planned NASA program 
t o  de t e rmine  the  f eas ib i l i t y  o f  plasma core reactors.  
The present paper summarizes resu l t s  of transmission measurements i n  
var ious  gases  of  in te res t  to  PCR technology.  These  data  were  required t o  
assess the  use of high pressure helium as a t ransparent  purge gas  in  future 
V W  radiation studies of fission-fragment-induced nonequilibrium radiation 
emitted from f i s s i o n i n g  uranium  gases  in  cavity  reactor  experiments.  In 
addi t ion,  t ransmission measurements in  var ious UF6/argon mixtures were under- 
t a k e n  t o  p r o v i d e  s p e c t r a l  d a t a  i n  t h e  VW required for  subsequent  radiat ive 
t ransfer  ana lyses .  
TEST EQUIPMENT 
A McPherson Model 235, half-meter scanning monochromator was used f o r  a l l  
s p e c t r a l  measurements. A schematic  diagram  of  the monochromator  and 
a c c e s s o r i e s ,  g a s  c e l l  and gas handling system, i s  shown i n  f i g u r e  2 and i s  
photographica l ly  d isp layed  in  f igure  3. The monochromator was of the Seya- 
Namioka type and had a f u l l  a p e r t u r e  r a t i o  of f/11.4.  Wavelength  scan r a t e s  
were var iable  in  twelve s teps  f rom 0.025 nm/min t o  100 nm/min. A 10.2 cm, 
750 l i t e r / s  high-speed, oil-diffusion pump and a 425 l i t e r /min  Welch 
mechanical pump comprised the basic pumping sys tem for  the  monochromator. 
The monochromator was equipped with a 1200 line/mm grat ing,  blazed a t  150 nm- 
which allowed measurements in the wavelength range between 50 and 300 nm. The 
l i n e a r  d i s p e r s i o n  of t h e  g r a t i n g  was quoted t o  be 1.66 nm/mm. Resolution was 
0.05 nm when used with l o p  s l i t s .  
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Model 820 d i f f e r e n t i a l  s l i t s  systems were used a t  both the entrance and 
e x i t  p o r t s  of  the monochromator.  Each d i f f e r e n t i a l  s l i t  system was equipped 
w i t h  s l i t s  of widths of 10, 50, and loop. 
A McPherson Model 630 high energy, VUV, Hinteregger-type discharge lamp 
was used as the source of r ad ia t ion  i n  conjunctiorl with a Model 720 high-volt-  
age  dual-mode power supply. The source system can be operated as an a i r -gap  
controlled,  high-voltage spark or as an a c  a r c .  Only t h e  former operating 
mode was used dur ing  the  s tudy  s ince  the  spark  mode provided enhanced con- 
t inuum rad ia t ion  when the  lamp was charged with various rare gases.  Helium, 
argon, and xenon were used as source gases and provided continuum radiation i n  
the approximate wavelength range between 60 and 200 nm.  The approximate use- 
f u l  wavelength ranges for these rare gases were: 
Gas Range -nm 
Helium 60.0 - 105.0 
Argon 105.0 - 145.0 
Xenon 145.0 - 195.0 
A simple Westinghouse tungsten-iodine lamp was used as the radiat ion source 
in the wavelength range between 200 and 300 nm. 
The rad ia t ion  de tec tor  sys tem cons is ted  of a McF’herson  Model 650 de tec to r  
assembly  and a Model 790 detec tor  e lec t ronic  sys tem.  The detector  contains  a 
sodium sa l icy la te  coa ted  window and a Model 9514B phototube.  Ultraviolet  
r ad ia t ion  inc iden t  upon the  sodium sal icylate  causes  f luorescence at  about  
400 nm which i s  subsequent ly  detected by the photomult ipl ier ,  amplif ied,  and 
recorded.  Although  the sodium salicylate/photomultiplier system i s  
s e n s i t i v e  from 50 t o  600 nm, the l inear response range was from 50 t o  about 
300 nm. 
Two g a s  c e l l s  were designed and fabricated for the transmission measure- 
ments.  Transmission  measurements in high pressure helium were made i n  a 
7.6-cm-ID,61-cm-long s t a i n l e s s  s t e e l  c e l l  as shown i n  f i g u r e  2. The c e l l  was 
posi t ioned between the  monochromator e x i t  s l i t  and the  de tec tor .  Pressure  
t ransducers  and thermocouples were connected t o   t h e  t es t  c e l l  t o  p e r m i t  
pressure and temperature monitoring. Since the pumping speed i s  g r e a t l y  
attenuated through small s l i ts ,  a separate mechanical vacuum pump was used t o  
a s s i s t  i n  e v a c u a t i n g  t h e  t e s t  c e l l  as shown i n  f i g u r e  2. 
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Although i n i t i a l  experiments with UFG/argon mixtures were attempted in 
the  61 cm cel l ,  the  mixtures  proved to  be extremely opaque and no r ad ia t ion  
was t ransmit ted through the 61 cm path length.  A sho r t -pa th - l eng th  ce l l  
was constructed of 5-cm-dia copper tubing i n  which the spectral  t ransmission 
propert ies  of  var ious UF6/argon mixtures were determined (see fig. 4 ) .  The 
length  of t h i s  ce l l  was 1.91 cm. A 0.95-cm-OD i n l e t  p o r t  w i t h  p r o v i s i o n  f o r  
a thermocouple and a 0.95-cm-OD ou t l e t  po r t  w i th  p rov i s ion  fo r  a pressure 
transducer were located a t  the axial  midpoint .  The copper cylinder was 
s o l d e r e d  t o  two 10.2-cm-dia brass flanges which provided mounting t o   t h e   e x i t  
s l i t  and subsequent mounting of the detector housing. Init ially,  1.9-cm-dia 
ports  in  each f lange permit ted passage of  radiat ion through gas  samples .  Each 
f lange was d r i l l e d  w i t h  two i n l e t  and e x i t  (0.32 cm) in jec tors  th rough the  
0.95 cm th ickness  to  permi t  in jec t ion  of  a rgon  a t  one s ide  of t h e  o p t i c a l  
aper ture .  Por t s  oppos i te  the  a rgon  in jec tors  were i n s t a l l e d  t o  a l l o w  pumping 
of injected argon in  an at tempt  to  prevent  f low of  m6 i n t o  t h e  monochromator 
chamber and to  p reven t  depos i t i on  or  r eac t ion  of UF6 on or wi th  t h e  s o d i u m  
sal icylate .  Since the system provided marginal  protect ion to  the sodium 
salicylate coating, subsequent experiments were performed with one a rgon  in le t  
po r t  a t  t h e  e n t r a n c e  t o  t h e  c e l l  and w i t h  a l l  fou r  po r t s  a t  t h e  c e l l  e x i t  a l s o  
i n j e c t i n g  a r g o n  i n t o  t h e  c e l l .  I n  a d d i t i o n ,  a n  i n s e r t  was machined to  reduce  
the  a rea  of  sodium s a l i c y l a t e  exposed t o  uF6 and  p l aced  in  the  ce l l  ex i t  
f lange .  An aper ture  loca ted  i n  t h e  i n s e r t  0.48 cm in  wid th  and 1.59 cm i n  
height  a l lowed the radiat ion to  pass  through gases  in  the cel l .  In  t h i s  
configurat ion,  a l l  a rgon  in j ec t ed  in to  the  ce l l  was pumped out through the 
UF6/argon ex i t  po r t  l oca t ed  a t  the axial  midplane of  the cel l  proper .  With 
t h i s  flow arrangement, no degradation of the sodium sa l i cy la t e  coa t ing  was 
observed.  Similarly,  no evidence  of  condensation  of UF6 on the  monochromator 
e x i t  s l i t  system or on the  g ra t ing  was evident by physical  inspect ion or by 
spectral  monitor ing before  or a f t e r  exposure  to  m6. 
The  UF6 handling system consisted of a s t a i n l e s s  s t e e l  uF6 supply 
cy l inder ,  a sodium f luo r ide  (NaF) t r a p ,  and appropriate  shutoff  and metering 
valves .  The  NaF t r a p  was i n s t a l l e d  t o  remove t r a c e s  of HF usually found 
admixed with UF6. Six thermocouples were installed t o  monitor temperatures 
a t   va r ious   s t r a t eg ic   l oca t ions .  These d e t a i l s  a r e  shown i n  f i g u r e  2. Argon 
was suppl ied  to  the  sys tem v i a  t he  ce l l  i n j ec to r s  p rev ious ly  desc r ibed .  All 
l i n e s ,  t h e  t e s t  c e l l ,  and associated equipment were electrically-heated by 
means of controlled heater tapes.  
A zero-to-50 mm Hg Wallace and Tiernan absolute pressure gauge was used 
t o  monitor monochromator  chamber pressures .  Similar ly ,  a 0-to-200 mm Hg 
Wallace and Tiernan absolute pressure gauge was used t o  monitor source-lamp 
gas pressures.  Absolute pressure trsnsducers of appropriate ranges were 
mounted on t h e  t e s t  c e l l s  t o  a s c e r t a i n  g a s  p r e s s u r e s  i n  t h e  g a s  c e l l s .  
Pressure transducer output was displayed on a r eco rde r  a s  we l l  a s  on a 
vacuum tube volt  meter.  
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me helium and argon used for the VW lamps and the  va r ious  t e s t  gases  
could be passed through zeolite traps cooled with l iquid nitrogen or an 
alcohol/dry ice mixture.  Cooled t r a p s  were abso lu te ly  necessa ry  to  remove 
t r ace  impur i t i e s  from these gases  when used i n  t h e  VW lamp. Although high 
purity helium and argon lzere used (99.999% helium or argon) ,  no continuum 
was observed without prior removal of trace impurit ies.  
Spectrometer Modifications 
One object ive of the  cur ren t  inves t iga t ion  involved  the  s tudy  of  the  
t ransmiss ion  charac te r i s t ics  of helium over long path lengths and a t  h i g h  
pressures  up to  approximate ly  20 atm. A s  implied by nomenclature, a VW 
spectrometer i s  normally operated under vacuum condi t ions or a t  l e a s t  under 
reduced  pressures.  Consequently,  these  instruments  are  designed t o  s e a l  under 
reduced pressures but not i f  internal pressures exceed atmospheric pressure.  
Therefore, a number of modifications were required (1) t o  enable sealing of 
t h e  sodium s a l i c y l a t e  window under e i t h e r  vacuum or high pressure operating 
conditions, and (2)  t o  prevent  dis tor t ion of  the thin metal  plates  forming the 
e x i t  s l i t  of t h e  d i f f e r e n t i a l  s l i t  assembly. The detector  f lange suppl ied 
with the Model 630 detector assembly was replaced with an al ternat ive f lange 
system as shown in  f igu re  5 which allowed changes in  p re s su res  from about 
5 x 10-6-mm-Hg t o  20 atm without apparent leakage of gases or  expulsion of 
t h e  sodium sa l icy la te  ho lder  aga ins t  the  photomul t ip l ie r  tube .  S imi la r ly ,  
two s t a i n l e s s  s t e e l  i n s e r t s  were machined and i n s t a l l e d  between the three 
0.16 cm p la t e s  de l inea t ing  the  two d i f f e r e n t i a l  s l i t  assembly pumping chambers 
( s e e  f i g .  6 ) .  These in se r t s  con ta ined  po r t s  a t  f o u r  p o s i t i o n s  t o  a l l o w  
indiv idua l  pumping of each chamber as  or ig ina l ly  des igned  and if required.  
The modified exit  s l i t  assembly was successfu l ly  opera ted  a t  p ressures  
approaching 20 atm without  apparent  dis tor t ion or damage. 
D i f f e r e n t i a l  S l i t  Pressure and Flow Tests  
A s e r i e s  o f  p re s su re  and flow t e s t s  was conducted using the modified 
d i f f e r e n t i a l  s l i t  assembly t o   v e r i f y   i n t e g r i t y  of  the  opt ica l  s l i t  system a t  
pressures  up t o  20 atm. These t e s t s  a l so  p rov ide  da t a  wi th  r ega rd  to  p re s su re  
drops across the s l i t  system and flow data for helium under high pressures. 
A schematic of the experimental  layout used f o r  t h e s e  t e s t s  i s  shown i n  
f i g u r e  7. A Fischer -Porter flow meter was used t o  monitor flow and was 
subsequent ly  cal ibrated against  a Matheson l i n e a r  mass flow meter of known 
prec is ion .  Pressures  in  var ious  chambers  were  monitored  by means of pressure 
t ransducers  in  each  chamber.  Helium was used as  the  tes t  gas  dur ing  these  
s t u d i e s  and was exhausted t o  atmospheric pressure. Volumetric flow results 
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obta ined  dur ing  these  tes t s  are shown i n  f i g u r e  8 as a function of upstream 
p res su re  ( s imula t ed  t e s t  ce l l  gas  p re s su re ) .  These r e s u l t s  i n d i c a t e d  t h a t  
on ly  the  10 psslit would be usable for subsequent spectral  studies in helium 
a t  pressures  up t o  20 atm. For example, a standard 1A cylinder of helium 
conta ins  6940 l i t e r s  of  gas a t  s tandard condi t ions.  Extrapolat ing the 
volumetric flow data ( f i g .  8) t o  20 atm ( fo r  a 50,usli.t) i nd ica t e s  t ha t  a 
cy l inder  of helium would  be  expended in  approximately 15 minutes. Thus, 
subsequent spectroscopic data were obtained using only the lopexi t  s l i t  t o  
permi t  long-dura t ion  tes t s .  
Pressure data f o r  v a r i o u s  d i f f e r e n t i a l  s l i t  chambers, as w e l l  a s  
simulated monochromator  and t e s t  c e l l  chambers, indicated tha t  i n  e a c h  t e s t  
all the  pressure reduct ion occurred across  the var iable  s l i t  S1. Negligible 
or no pressure drops occurred across s l i t s  S2 and S3 which were a t  f i x e d  
dimensions. 
EXPERIMENTAL PROCEDURES AND OPERATING PARAMETERS 
A l l  s p e c t r a l  measurements from approximately 60 t o  300 nm were conducted 
i n  a windowless mode. N o  d i f f e r e n t i a l  pumping was used f o r  any of  the tes ts  
conducted. A 2123 l i t e r / m i n  a u x i l i a r y  pump was used on t h e  f i r s t  chamber of 
t h e  d i f f e - r e n t i a l  e x i t  s l i t  system t o  assist  the spectrometer mechanical pump 
during  actual  measurements.  With  this  arrangement, monochromator  chamber 
pressure was always less  than  about  25-mm-Hg. Helium and argon transmission 
measurements were made using the 61-cm-long t e s t  c e l l  between the  monochromator 
e x i t  s l i t  and the  de t ec to r ,  A 1.91-cm-long c e l l  was used for the UF6, t e s t s .  
Standard quali ty helium and argon (99.995% r a r e  g a s )  were used f o r  t h e  
t e s t  gas  excep t  where noted. A pressure transducer of the appropriate range 
was used t o  monitor t e s t  gas  p re s su res  du r ing  va r ious  t e s t s .  P re s su re  
transducer output was monitored on one channel of a two-channel recorder. 
The second recorder channel was used t o  monitor spectrometer detector output. 
Because of occasional rf interference from adjacent experiments i n  t he  
laboratory,  the pressure t ransducer  output  was also monitored on a Hewlett- 
Packard vacuum tube multirange volt meter. The rf interference caused 
errat ic  behavior  of  the recorder  pressure t ransducer  t race.  A copper-constatan 
thermocouple was used t o  moni tor  gas  tempera tures  in  the  tes t  ce l l .  For 
helium and argon measurements, temperature was a constant  298 K fo r  a l l  t e s t s .  
For the  UF6/argon tes ts ,  temperature was constant  a t  393 K ,  as monitored i n  
t h e  t e s t  c e l l  and a t  various points in the gas handling-transfer system. 
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High-purity helium and argon (99.999% r a r e  g a s )  used as source-lamp 
gases required removal of t r a c e  i m p u r i t i e s  t o  a l l o w  s i g n i f i c a n t  i n t e n s i t y  of 
the i r  r e spec t ive  con t inua .  The t r ap  ma te r i a l  was zeol i te  cooled  wi th  l iqu id  
ni t rogen when helium was used and alchohol/dry ice mixture when argon was 
used. A t r a p  was not  required or used with xenon as the source gas .  Gas 
pressures  for  t h e  VW sources were usually of the order of 50 t o  120-mm-Hg. 
No attempt was made t o  optimize the continuum emitted by the V W  lamp other 
t h a n  s e t t i n g  lamp p r e s s u r e   t o  maximize continuum output while minimizing the 
height of lines superimposed on t h e  continuum. 
I n  most cases,  the spectrometer entrance s l i t  was f ixed  a t  50pand the  
exit  s l i t  a t  l o p .  With these s l i t  se t t ings ,  the  de tec tor  vo l tage  and 
amplification and recorder gain were s e t   t o   p r o v i d e  maximum recorder 
def lec t ion   wi th  minimum noise .  
Helium and argon spectra were scanned a t  10 nm/min while  the rate  of  
scanning for UF6 spec t ra  was 25 nm/min.  The higher scan rate f o r  t he  UF6 
measurement was s e l e c t e d  t o  minimize exposure of t h e  equipment t o  UF6 vapor. 
Normal procedure included a t  l e a s t  two Io determina t ions  in  the  
evacuated  system to  in su re  s t ab le  ope ra t ing  cond i t ions .  Both lamp and 
monochromator pressure were monitored during these tests.  For t he  r a re  gas  
t r a n s m i s s i o n  t e s t s ,  t h e  c e l l  was f i l l e d  t o  the  requi red  pressure  and the  flow 
allowed to  equ i l ib ra t e  p r io r  t o  conduc t ing  a wavelength scan. VW lamp 
pressure,  monochromator pressure,  and c e l l  p r e s s u r e  were recorded during the 
spectral  scans.  After  a s e r i e s  of transmission  measurements,  usually one or 
two, t h e  t e s t  c e l l  was evacuated and e i t h e r  Io redetermined or a se lec ted  
wavelength (wavelength a t  t h e  continuum peak) monitored t o  insure no changes 
had occurred during the preceding tes ts .  Io t e s t s  were made with both the 
d i f fus ion  pump and  425 l i ter/min mechanical pump operating. Wavelength scans 
wi th  the  t e s t  gas  were made wi th  the  425 l i t e r /min  and 2123 l i t e r /min  
mechanical pumps operat ing.  
A similar procedure was followed for the UF6 measurements. I n i t i a l  Io 
was determined in the evacuated system followed by an 1; determinat ion in  
which argon was allowed t o  flow i n  t h e  t e s t  c e l l  a t  a f ixed pressure (no UF6 
flow).  Subsequently, UF6 was in t roduced  in to  the  ce l l ,  the  pressure  increase  
noted, and the wavelength scans with UF6/argOn were  conducted. Upon 
completion of the  spec t ra l  scan  wi th  UF6/argon mixture,  the UF6 flow was 
te rmina ted  and  the  ce l l  was pumped for approximately 15 t o  20 minutes t o  
evacuate UF6. A s  i n  p rev ious  t e s t s  w i th  the  r a re  gases ,  1; was redetermined 
or, for convenience, a par t icu lar  peak  i n  the previous 1; scan was monitored 
to  insure  cons tancy  of conditions  between  scans.  This  procedure also served 
t o   e s t a b l i s h   t h a t  UF6 contamination of the  sodium s a l i c y l a t e  had not 
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occurred. After two o r  t h r e e  t e s t s  w i t h  UF6, t he  sodcum s a l i c y l a t e  window 
was removed for v i sua l  i n spec t ion  of UF6 contamination. The' sodium s a l i c y l a t e  
was rou t ine ly  r ep laced  a t  these  times. 
SPECTRAL RESULTS AND DISCUSSION OF RESULTS 
He li um 
A s e r i e s  of experiments was conducted in  the  appara tus  prev ious ly  
descr ibed  to  de te rmine  the  t ransmiss ion  proper t ies  of  s tandard  he l ium gas  a t  
high pressures .  All t ransmission measurements  were made i n  t h e  61-cm-long c e l l  
a t  room temperature.  The wavelength ranges and helium pressures for which 
o p t i c a l  data were measured i n  t h i s  s e r i e s  of t e s t s  a r e  summarized in  Table I.  
Table I a l so  inc ludes  p re s su re  and wavelength ranges for two series of 
experiments involving helium from which contaminants were partially removed by 
a coo led  zeo l i t e  t r ap  and similar data for experiments with standard argon as 
t h e  t e s t  g a s .  
Recorde r  t r aces  o f  t he  r e l a t ive  spec t r a l  i n t ens i t i e s  de t e rmined  du r ing  
the experiments are shown i n  f i g u r e s  9 through 12 for standard helium gas in 
the approximate wavelength range between 60 and 300 nm. Each f i g u r e  
i l l u s t r a t e s  Io, t h e  s o u r c e  i n t e n s i t y  w i t h o u t  t e s t  g a s  i n  t h e  c e l l ,  and 
in tens i ty  scans  11 and I 2  f o r  two r ep resen ta t ive  p re s su res  of helium i n  t h e  
tes t  cel l .  Addi t ional  experimental  parameters  (wavelength scan rates ,  s l i t  
s e t t i n g s ,  e t c . )  a r e  l i s t e d  i n  Table I1 for each set  of spectral  measurements.  
A s  t he  r e su l t s  i l l u s t r a t e ,  s t anda rd  t ank  he l ium a t  pressures  as low as 
3.7 atrn i s  r e l a t i v e l y  opaque i n   t h e  VW a t  wavelengths between 60 and 110 nm 
( s e e  f i g .  9 ) .  A t  a pressure of 9 atm, the gas  i s  a lmost  to ta l ly  opaque t o  
VW radiat ion.  Figure 10 i l l u s t r a t e s  similar t ransmiss ion  da ta  f o r  standard 
tank helium between 100 and 160 nm. These r e s u l t s  were o b t a i n e d  a t  4.7 and 
18.7 atm and show that  the hel ium i s  r e l a t i v e l y  t r a n s p a r e n t  i n  t h i s  wavelength 
i n t e r v a l .  A t  a wavelength of about 128 nm, the  t ransmiss ion  i s  approximately 
65% a t  a helium pressure of 18.7 atm. Similar exper imenta l  resu l t s  a re  shown 
i n  f i g u r e  11 in the wavelength range between 145 and 200 nm a t  helium 
pressures  of 8.8 and 17.7 atm. The transmission of helium i s  of the order  of 
63% a t  a pressure of 17.7 atm and a t  a wavelength of 170 nm. Figure 12 
i l lustrates the  t ransmiss ion  proper t ies  of helium in the wavelength range 
between 220 and 300 nm for helium pressures of 5.4 and 18.3 atm. The r e s u l t s  
indicate  that  hel ium i s  re la t ive ly  t ransparent  in  th i s  wavelength  range .  For 
example, the t ransmission i s  of the order of 60% a t  a wavelength of 296 nm a t  
a helium pressure of 18.3 atm. 
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As ind ica ted  by  the  spec t ra l  t ransmiss ion  results over a range of wave- 
lengths  and pressures,  standard tank helium could be used as a t ransparent  
purge gas a t  high pressure approaching 20 atm i n  subsequent nuclear reactor 
t e s t s  a t  wavelengths greater than 100 nm. A t  wavelengths s.horter than 100 nm, 
the s tandard tank gas  i s  r e l a t i v e l y  opaque t o   r a d i a t i o n  even a t  modest 
pressures  (-4 atm). 
Since the exci ted s ta te  populat ion of  room temperature helium i s  
negl ig ib le ,  absorp t ion  of  rad ia t ion  i n  helium should occur only a t  wavelengths 
below 50 nm, the  threshold  for the boundfree continuum from the ground state. 
The marked attenuation of radiation in the wavelength interval between 60 and 
100 nm i s  undoubtedly  due to  t r ace  con taminan t s .  These impur i t ies  a re  
genera l ly  02,  Hz,  N2,  C02, and H20 which consti tute about 5 x 10-3 percent 
of the gas.  Theoretical  estimates of the transmission of high purity helium 
(99.999% helium), based on contaminant absorption coefficient data of 
reference 3,  indicated about 30% t ransmission in  high puri ty  hel ium at  20 atm 
and over a path length of 60 cm i n  t h e  VW region. 
Subsequently, a l iqu id-n i t rogen-cooled  zeol i te  t rap  was i n s t a l l e d  i n  t h e  
helium gas supply system t o  p a r t i a l l y  remove trace contaminants.  A second 
s e r i e s  of transmission studies was conducted t o  determine the transmission 
proper t ies  of he l ium af te r  removal  of t r ace  impur i t i e s .  Spec t r a l  da t a  (60 t o  
110 nm) a t  helium pressures of 7.3 and 18.5 atm a r e  shown i n  f i g u r e  13. These 
da t a  ind ica t e  tha t  t he  t r ansmiss ion  cha rac t e r i s t i c s  of helium are greatly 
improved i f  the helium i s  passed through a l iqu id  n i t rogen-cooled ,  zeo l i te  
t r a p  p r i o r  t o  t h e  s p e c t r a l  measurements. Appreciable transmission was 
observed a t  helium pressures up t o  18.5 atm with "clean' '  helium (fig.  13) as 
compared to  the  unt rea ted  he l ium a t  9 atm ( f i g .  9 ) .  
Argon 
Similar transmission measurements were made with standard tank argon 
(99.995%) i n  t h e  s p e c t r a l  i n t e r v a l  between 60 and 110 nm. These da t a  were 
requi red  to  de te rmine  the  approximate  quant i t ies  of  a rgon  to  be  used i n  
subsequent UF6/argon t e s t s  and t o  p rov ide  bas i c  t r ansmiss ion  da ta  r e l a t ed  to  
the buffer gas region of a FCR. Ty-pical experimental  t ransmission resul ts  as a 
function of wavelength are shown i n  f i g u r e  14 for argon pressures of 0.13 and 
0.46 atm. Argon i s  r e l a t i v e l y  opaque i n  t h i s  s p e c t r a l  r e g i o n ,  a s  i l l u s t r a t e d  
i n  f i g u r e  14.  Since threshold for  the f i r s t  boundfree  continuum in argon i s  
a t  a wavelength of approximately 80 nm and extends to  shor te r  wavelengths , .  
no transmission was expected or observed below 80 nm. As i n  t h e  c a s e  of 
helium, the marked at tenuat ion of  the radiat ion observed i s  probably due t o  
trace contaminants.  No attempts were made t o  remove contaminants as i n  t h e  
case of helium. 
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Uranium Hexaf luor  i d  e 
A s e r i e s  of transmission studies was conducted in  mixtures  of UF6 and 
argon a t  v a r i o u s  p a r t i a l  p r e s s u r e  r a t i o s  ( p m ~ / P A r ) .  A summary of  the 
pressures of argon and UF6 as well as the  co r re spond ing  pa r t i a l  p re s su re  
r a t i o s  used are t abu la t ed  in  Table 111. Other  experimental  parameters are 
shown in Table  11. A l l  measurements were made a t  a temperature of 393 K and 
over a pa th  length  of 1.91 cm. The wavelength interval extended from 60 nm 
t o  approximately 200 nm. 
Typical  spectral  t ransmission resul ts  f o r  UF6/argon mixtures are shown 
i n  f i g u r e  S5 for  the wavelength interval between 60 and 120 nm and i n  f i g u r e  
16 for  the wavelength interval  between 120 and 200 nm. Curve 1 rep resen t s  
t h e  r e l a t i v e  s o u r c e  i n t e n s i t y  Io, without  gases  in  the tes t  c e l l ,  while 
curve 2 shows t h e  r e l a t i v e  i n t e n s i t y  Io, af ter  in t roduc t ion  of argon i n t o  
t h e  c e l l  a t  a pressure of 45.8-mm-Hg. Curves 3 and 4 i l l u s t r a t e  t h e  t r a n s -  
mission spectra of UF6/argon mixtures with UF6 pa r t i a l  p re s su res  o f  1.78 and 
0.48-mm-Hg, respec t ive ly .  S imi la r  da ta  were obtained for  the other  condi t ions 
l i s t ed  i n  Table 111. A p a r t i a l  p r e s s u r e  o f  l e s s  t h a n  2-mm-Hg of UF6 reduces 
the t ransmission by about 85% th roughout  th i s  spec t ra l  reg ion .  
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The results d isp layed  in  f igure  15 were used t o  determine absorption 
c ros s  sec t ions  fo r  UF6 i n  t h e  V W  region.  The c ross  sec t ion  i s  defined by 
t h e   r e l a t i o n s h i p  : 
t 
I/Io = exp - a N L (1) 
t 
where I i s  the  t r ansmi t t ed  in t ens i ty ,  Io i s  t h e  i n c i d e n t  i n t e n s i t y ;  a t h e  
absorpt ion cross  sect ion,  N the  absorber  dens i ty ,  and L the  pa th  length  
(1.91 cm). The inc iden t  i n t ens i ty  used i n  t h e s e  c a l c u l a t i o n s  was I;, the  
r e l a t i v e  i n t e n s i t y  w i t h  a r g o n  i n  t h e  t e s t  c e l l  ( f i g .  15, curve 2 ) .  The 
quan t i ty  I/IA was determined a t  wavelength intervals  of 2.5 nm between 80 and 
120 nm. These da t a  (I/IA) a r e  p l o t t e d  as a func t ion  of  wavelength  in  f igures  
17 and 18 f o r  f i v e  p a r t i a l  p r e s s u r e s  of UF6 invest igated.  Number d e n s i t i e s  
were determined from knowledge of the UF6 pressure (Table 111) and temperature 
as follows: 
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Subsequently,  cross section data were calculated for the five sets of 
experimental  data by means of equation (3 ) : 
These results are s m r i z e d   i n  Table I V .  The last  column i n  Table I11 a r e  
the calculated average values of the  absorp t ion  c ross  sec t ion  a t  var ious wave- 
lengths .  Average c ross  sec t ion  results are g r a p h i c a l l y  i l l u s t r a t e d  in f i g u r e  
19 as a function of wavelength. 
The c ross  sec t ion  r e su l t s  shown i n  Table I V  and f igure  19 exh ib i t  a 
range of values from about 6 x 10-18 t o  2.7 x 10e17 cm2. AS shown i n  f i g u r e  
19, the  da t a  below approximately 95 nm, are  reasonably smooth w i t h  r e l a t i v e l y  
sma l l  s ca t t e r .  A t  wavelengths greater than 95 nm, determination of t h e  r e l a -  
t i v e  i n t e n s i t i e s  w i t h  p r e c i s i o n  is  d i f f i c u l t  due t o  t h e  low i n t e n s i t y  from 
t h e  W source.  Thus, small errors  in  determining 1; or I or random noise  on 
the  t r aces  r e su l t  i n  t he  sca t t e r  obse rved  in  the  da t a  a t  wavelengths greater 
than  95 nm. 
CONCLUSIONS 
I n  summary, the  t ransmiss ion  charac te r i s t ics  of helium, argon, and UF6/ 
argon mixtures have been experimentally examined over a range of wavelengths 
and pressures. The helium resu l t s  ind ica te  tha t  he l ium could  be used a s  a 
high pressure,  t ransparent  purge gas  in  future  f iss ioning plasma W emission 
s tudies  provided  t race  impur i t ies  a re  suf f ic ien t ly  removed. I n  a d d i t i o n ,  t h e  
c ross  sec t ion  resu l t s  ob ta ined  for  UF6 i n  the  VW reg ion  r ep resen t  t he  on ly  
known q u a n t i t a t i v e  d a t a  a v a i l a b l e  f o r  t h i s  compound. These c ross  sec t ion  da ta  
w i l l  be used in  subsequen t  ana ly t i ca l  r ad ia t ion  t r anspor t  ana lyses  r e l a t ed  to  
performance s tud ie s  of t he  FCR concept and experiments. 
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TABLE I 
PRl3SSuRES ANT) WAVELENGTH  RANGES  FOR RARE GAS MEASWMENTS 
Gas 
He li urn 
(99  995% 
He li um 
(99  0995%) 
H e l i u m  
(99.995%) 
Wavelength 
Range 
(nm) 
60 -110 
105 -150 
145 -200 
0.20 
0.45 
0.79 
1.13 
1.49 
3.66 
4.75 
7.46 
9.01 
0 -93 
3 -31 
4.72 
6 -34 
10.7 
12.81 
18.66 
1-35 
5 -17 
a .a0 
13 70 
17.74 
Gas 
He li um 
(99.995%) 
Helium* 
(99.995%) 
Argon 
( 99.995%) 
Wavelength 
Range 
( 1 4  
2 : ~  -300 
60 - 110 
60-110 
60-110 
Pressure  
( a t d  
1 .a 
5.39 
8.87 
13.59 
18.30 
1.31 
3.45 
4.51 
7.32 
14.08 
18.52 
0.11 
0.45 
0.46 
0.29 
*Liqu id  n i t rogen  coo led  zeo l i t e  t r ap  used  for h e l i u m  t e s t  gaz 
- a l l  o t h e r s ,  n o  t r a p .  
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Test Gas and 
Wavelength Range 
(nm) 
Helium-99.995% 
60-110 
Helium-99.995% 
100-160 
Helium-99.995% 
145 -200 
Helium-99.995% 
220  -300 
Helium-99.995% 
60-110 
(wi th  cooled  zeol i te  
t r a p  1 
~rgon-g9.995% 
60-110 
UF6/Argon 
60 -200 
TABLE I1 
SUMMARY OF EXPERIMENTAL PARAMETERS 
UV Source 
Helium Continuum 
%e = 122 mill Hg 
Air -gap Spark-20 ma 
Argon Continuum 
Air-gap Spark-20 ma 
Xenon Continuum 
 PA^ = 110 ~III Hg 
Pxe = 110 IIIITI Hg 
Air -gap Spark-20 ma 
Quartz  - iodine,  
tungsten f i lament  
lamp - 8.3 amp 
Helium Continuum 
%e = 121 mm Hg 
Air-gap Spark-20 ma 
Helium Continuum 
P H ~  = 110 IllIn. Hg 
Air-gap Spark-20 ma 
Helium Continuum 
PHe = 95 Hg 
Air-gap Spark-20 ma 
Detector 
1175 V 
0.3 PA sca le  
1150V 
0.3 PA sca le  
1175 V 
0.3 PA s c a l e  
1175 V 
0.3 PA s c a l e  
1125 V 
0.1 NA s c a l e  
1200 v 
0.3 PA s c a l e  
1200 v 
0.3 PA s c a l e  
Wavelength 
Scan Rate 
nm/min 
10 
10 
10 
10 
25 
S l i t  Width 
entrance-exi t  
Pm 
50-10 
50-10 
50-10 
50-10 
50-10 
50-10 
50-10 
Path Length 
cm 
61 
61 
61 
61 
61 
61 
1.91 
TABLE I11 
uF6 AND ARGON PRESSURES AND UF6/Ar 
PRESSURE RATIOS 
USED  FOR  SPECTRAL  ABSORFTICN  MEYSUREMENTS 
Series  
A - 1  
A-2 
A-3 
B-1 
B-2 
31.5 
45.8 
~~ 
0.62 
0.22 
1.72 
1.71 
0.48 
1.97 x 
6.98 x 10-3 
5.46 x 
3.73 x 
1.05 x 
I- 
TABLE I V  
ABSORPTION  CROSS  ECTIONS OF URANIUM HEXAFLUORIDE 
Superscripts A and B and Subscripts 1, 2 ,  and 3 Refer t o  Test Series 
Pressures Given i n  Table 111. 
h 
nm 
80 .o 
82.5 
85 .o 
87.5 
90 :o 
92.5 
95 -0 
97.5 
100.0 
102.5 
115 .o 
105 .O 
117.5 
120.0 
I 
I 
I 
I 
i 
I 
I 
- 
1 h3-17 
1.42-17 
1.70-17 
1-78-17' 
2.01-17 
2.14-17 
2 * 55-17 
2-29-17' 
2.68-17 
1.81-17 
1.69-17 
6.36-17 
1.54-17 
a .66-18 
(:) Denotes  an  average  value 
THERMAL RADIATION \ 
\ WORKING FLUID NUCLEAR FUEL 
ARGON BUFFER 
GAS 
FIG. 1 SCHEMATIC OF A UNIT CAVITY OF A PLASMA CORE REACTOR 
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FIG. 3 VACUUM ULTRAVIOLET SPECTROMETER SYSTEM 
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FIG. 4 SCHEMATIC OF UF6/ARGON TEST CELL CONFIGURATION 
ADAPTER FLANGE 
. "0" RINGS 
SODIUM SALICYLATE 
A 
A 
PHOTOTUBE 
TEST CELL 
DETECTOR  HOUSING 
FIG. 5 SODIUM SALICYLATE WINDOW ADAPTER 
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SECOND DIFFERENTIAL  SLIT 
FIRST  DIFFERENT AL  SLIT INSERTS 
ROTARY  TABLE 
SLIT JAWS 
FIG. 6 DIFFERENTIAL SLIT ASSEMBLY MODIFICATION 
FOR HIGH PRESSURE OPERATION 
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f SIMULATED GAS CELL 
SIMULATED 
CHAMBER 
.MONOCHROMATOR 
f .. -~ .. .HELIUM 
TRANSDUCERS 
I I  FLOW 
SI - VARIABLE WIDTH SLIT: 10, 50 or 100 px1.25 cm 
Sa - FIRST  DIFFERENTIAL  SLIT: 0.183 cm x 0.498 cm 
S3 - SECOND DIFFERENTIAL  SLIT: 0.351 crn x 0.584 crn 
FIG. 7 DIFFERENTIAL SLIT ASSEMBLY  FLOW  AND  PRESSURE  TEST  CONFIGURATION 
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TEMPERATURE = 300'K 
SLIT HEIGHT = 1.27 CM 
2.0 
1.5 
1 .o 
0.5 
0 
UPSTREAM  PRESSURE,  P1 - A T M  
FIG. 8 COMPARISON  OF  HELIUM  FLOW  THROUGH  VARIOUS SIZES 
OF  DIFFERENTIAL  SLITS, S , ,  AS A  FUNCTION  OF PRESSURE, PI 
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FIG. 9 RELATIVE SPECTRAL TRANSMISSION OF HELIUM 
BETWEEN 60 AND 110 NANOMETERS 
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CURVE 1 - IC DETERMlNATlON - NO TEST GAS 
CUFiVE 2 - HELIUM TEST GAS A T  4.65 ATM 
CURVE 3 - HELIUM TEST GAS AT 18.66 A T M  
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FIG. 10 RELATIVE SPECTRAL TRANSMISSION OF HELIUM 
BETWEEN 100 AND 160 NANOMETERS 
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CURVE 1 - I DETERMINATION - NO TEST GAS 
0 
CURVE 2 - HELIUM TEST GAS A T  8.80 ATM 
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FIG. 11 RELATIVE SPECTRAL TRANSMISSION OF HELIUM 
BETWEEN 145 AND 200 NANOMETERS 
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CURVE 1 - I, DETERMINATION - NO TEST GAS 
CURVE 2 - HELIUM TEST GAS A T  5.39 ATM 
CURVE 3 - HELIUM TEST GAS AT 18.30 ATM 
FIG. 12 RELATIVE SPECTRAL TRANSrvllSlON OF HELIUM 
BETWEEN 220 AND 300 NANOMETERS 
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I CURVE 1 - Io DETERMINATION - NO TEST GAS CURVE 2 - "CLEAN" HELIUM AT 7.3 ATM 
CURVE 3 - "CLEAN" HELIUM AT 18.5 ATM 
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FIG. 13 RELATIVE SPECTRAL TRANSMISSION OF "CLEAN" HELIUM 
BEnVEEN 60 AND 110 NANOMETERS 
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CURVE 1 - 1, DETERMINATION - NO TEST GAS 
CURVE 2 - ARGON TEST GAS A T  0.11 A I M  
CURVE 3 - ARGON TEST GAS AT 0.46 A T M  
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FIG. 14 RELATIVE SPECTRAL TRANSMISSION OF ARGON 
BETWEEN 60 AND 110 NANOMETERS 
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CURVE 1 -I, DETERMINATION - NO TEST GAS 
CURVE 2 - I b  DETERMINATION - ARGON  TEST  GAS  AT 45.8 m m  Hg 
CURVE 3 -  ARGON  AND  uF6 (1.71 mmHg 
CURVE 4 - ARGON  AND  UF6 (0.48 m m H g  
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FIG. 15 RELATIVE SPECTRAL TRANSMISSION OF URANIUM HEXAFLUORIDE 
BETWEEN 6 0  AND 120 NANOMETERS 
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CURVE 1 - IODETERMINATION - NO TEST  GAS 
CURVE 2 - ARGON 145.8 mm Hg) AND 
UF6 (1.71 mm H g )  
T = 393'K 
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FIG. 16 RELATIVE SPECTRAL TRANSMlSSlON OF URANIUM HEXAFLUORIDE 
BETWEEN 120 AND 200 NANOMETERS 
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FIG. 17 SPECTRAL TRANSMISSION OF  URANIUM  HEXAFLUORIDE BETWEEN 80 AND 120 NANOMETERS 
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FIG. 18 SPECTRAL TRANSMISSION OF URANIUM  HEXAFLUORIDE 
BETWEEN 8 0  AND 100 NANOMETERS 
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FIG. 19 ABSORPTION CROSS-SECTION OF URANIUM HEXAFLUORIDE 
BETWEEN 80 AND 120 NANOMETERS 
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